Comments : Like the Lisbon Valley fault zone to the south (location no. 18-8), the Moab fault is probably related to salt dissolution, but may have a tectonic component. Studies (Jones, 1959; Shoemaker and others, 1958) indicate that the Moab fault may extend below the salt, offsetting pre-Paradox Formation strata. Collapse of the Spanish Valley anticline appears to largely post-date deposition of early and middle Pleistocene alluvium on and near the rim of the valley (Harden and others, 1985) . A well preserved relic canyon on the rim of Moab Canyon, whose headwaters were apparently removed by collapse of the anticline, probably formed during late Tertiary to early Quaternary time (Oviatt, 1988) . Distribution of middle Pleistocene through Holocene alluvial deposits suggests differential subsidence in Spanish Valley due to tectonism or dissolution/migration of salt. Marshes at the lower end of Spanish Valley may be evidence of Holocene subsidence. In the middle of the valley, a set of alluvial terraces converges downstream and a Bull Lake age (130,000-200,000 year old) paleosurface may be locally warped and buried. In addition, older alluvial fans are entrenched and successively younger fans have been deposited farther down-valley, suggesting down-dropping of the valley relative to the mountain front. However, hydrologic controls on deposition could also explain these observed relations. An unusual saddle and gradient anomalies in Bull Lake age terrace remnants may reflect faulting. Furthermore, several small (10-centimeter) displacements were observed in the middle to late Pleistocene deposits. Fine-grained late Pleistocene to early Holocene sediments deposited along Bartlett Wash near the northern end of the Moab fault may indicate displacement-related ponding. If so, the sense of movement is opposite to that during the Mesozoic.
Uncompahgre fault zone (18-3)
Parameter values: Quaternary(?)
I I
Age Criteria : drainage pattern; deposit characteristics References : Ely and others, 1986 Comments : Faults are within a faulted monoclinal flexure that forms the southwest margin of the Uncompahgre uplift (on the northeast side of the Paradox Basin). The Uinta Basin borders the uplift on the northwest side. About 15 kilometers east of the Utah-Colorado border, the fault zone crosses Unaweep Canyon, a large wind gap that was likely abandoned due to uplift of the Uncompahgre arch. Different movement histories and cumulative Quaternary displacements have been inferred for the fault zone based on studies of the canyon and related drainage changes, but most studies suggest that differential uplift has continued into the early or late Pleistocene. A computer simulation of stream-profile evolution along the abandoned stream course indicates that differential uplift began -1.8 million years ago and proceeded at a rate of -0.4 rnm^r. Diversion of drainage, which followed impoundment and formation of a lake, occurred -775,000 years ago (Perry and Annis, 1990) . The Ute Creek graben (part of the fault zone in Colorado) appears youthful. It is little eroded and topographic displacements are similar to stratigraphic displacements (Cater, 1970 and record episodic deformation from movements of the Onion Creek salt diapir and subsidence of the basin (resulting from salt flowage into the diapir and/or salt solution and collapse). Lower basin-fill deposits, which contain the Bishop ash bed (-730,000 years old), are locally infolded into the Paradox Formation caprock, although not as severely as older, Pliocene(?) gravels. Lower and upper basin-fill deposits (which contain the 610,000-year-old Lava Creek ash bed) are found tilted up to 25" and 10°, respectively, in a radial pattern away from the diapir, indicating multiple upward movements. Angular unconformities within the deposits along the edges of the basin, notably at the base of the Lava Creek ash bed, contrast with conformable relationships toward the center of the basin and suggest intermittent subsidence, in addition to the uplift. Projection of dips in the upper Cenozoic deposits indicates at least 70 meters of upward movement on the diapir and a similar amount of basin subsidence between 2-3 million and 0.25 million years ago. The anomalous thickness of the basin-fill sediments and evidence that Fisher Creek used to flow through the present area of the diapir suggest that drainage was first impeded and then diverted as movement on the diapir progressed. Younger basin-fill deposits with which to demonstrate more recent movement are absent, but evidence for rapid incision (30 meters in 10,000 years based on 14 C dates) and the steep, unstable slopes of Onion Creek where it cuts through the caprock suggest that the diapir may be presently active. The fault zone can be divided into three distinct segments based on the complexity of surface expression. Lineaments are subparallel, but not coincident with mapped traces. Geomorphic expression (such as apparent offset drainages) suggests recent faulting, but more work is needed to identify the origin and age of features. The faults display a normal sense of displacement that is most probably related to evaporite dissolution and collapse along salt anticline crests. Analysis of subsurface data suggests that surface faults do no extend below the Paradox Formation, but the evidence is not conclusive, and a tectonic origin for at least part of the displacement cannot be discounted. Evidence for post-Laramide growth of the Lisbon Valley anticline is inconclusive, but there is evidence for Quaternary growth on the collinear Dolores anticline in Colorado. The Lisbon Valley fault zone and Moab fault (location no. 18-2) are the longest and most prominent faults in the Paradox Basin.
Parameter values: Holocene(?) I I I I Age Criteria : geomorphic position; river gradient References : Huntoon, 1982 Huntoon, ,1988 Comments : Formation of the Needles fault zone (location no. 18-13) is likely linked to growth of the adjacent Meander anticline, whose axis follows the Colorado River. Evidence for recent, continuing activity on the Meander anticline includes topographically controlled thrust faults that crosscut narrow goosenecks north of the Needles fault zone; the steep gradient of the river through Cataract Canyon; and growth of small (up to 60-meters-high) salt diapirs on the floor of Cataract Canyon. Biggar, 1987; Oviatt, 1988 The fault zone likely formed due to combination of gravity tectonics and salt flowage. Most theories (Baker, 1933, McGill and Stromquist, 1974; Stromquist, 1976 ) envision extension in sedimentary strata above evaporites that mobilized and flowed down dtp into the Meander anticline (location no. 18-9) as canyon cutting along the Colorado River reduced overburden load. Alternative theories include salt dissolution and collapse (Hite, 1982) and simple down-dip gravity sliding on the salt toward the Colorado River gorge and resultant compression across the floor of the canyon to form the Meander anticline (Huntoon, 1982) . Similar anticlines occur along deep canyons tributary to Cataract Canyon (Huntoon, 1988) . Multiple mechanisms may be operating. Youthfulness of faulting is suggested by good preservation of an abandoned, pre-graben drainage network and persistence of grabens as closed depressions. Sinkholes, some which may be historical, in many closed graben valleys may have formed by opening of bedrock fissures or, alternatively, by periodic flushing of material from old fissures. Stream braiding and aggradation within the grabens also suggest recent (Holocene?) subsidence. Changes in drainage patterns from north to south and the relatively simple, linear pattern of grabens at the eastern margin of the area suggest graben formation has progressed northward and eastward, away from the river. The oldest grabens (closest to the river) are inferred to have begun forming between about 1.4 million years ago (based on a conservatively high estimate of canyon incision) and 85,000 years ago (extrapolated from a 65,000 year age for shallow graben sediments located a quarter of the distance from the river to the eastern margin of the graben system). Thus, some grabens may have formed during early Pleistocene time. Development of grabens from west to east has apparently occurred at rates of 5-140 mm/yr, and the process may be ongoing.
Lockhart fault (18-12)
Parameter values: Quaternary(?) I I I I Age Criteria : recency of sedimentation References : Huntoon, 1988; Woodward-Clyde Consultants, 1982c Comments : Quaternary deposits (estimated to be -10,000-30,000 years old) overlie the fault and are apparently not displaced. Seismic-reflection data indicate that the fault is confined to strata above the Paradox Formation, suggesting that it may be a tensional feature related to collapse of the Lockhart Basin. Although direct evidence is lacking, Woodward-Clyde Consultants (1982b) inferred the collapse structures of the basin to be Tertiary in age. In contrast, Huntoon (1988) Cook, K.L., Gray, E.F., Iverson, R.M., and Strohmeier, M.T., 1980, Bottom gravity meter regional survey of the Great Salt Lake, Utah, in Gwynn, J.W., editor, Great Salt Lake--a scientific, historical and economic overview: Utah Geological and Mineral Survey Bulletin 116, p. 125-143.
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